Parasitic angiosperm Alectra vogelii Benth is a growing problem in Malawi, particularly with current emphasis on legumes. Therefore, two studies were set in order to understand the possible mechanisms of resistance in cowpea genotypes on their reaction to the parasitic weed. In the first experiment, Mkanakaufiti, IT99K-7-21-2-2XIT82E-16, Sudan 1 and IT82E-16 were grown in Alectra infested and non-infested pots. The experiment (2*4 factorial treatment combination) was arranged in an RCBD and replicated eight times. The second experiment, involved Petri-dish techniques where 4 genotype roots were assessed on their ability to stimulate the germination of A. vogelii as a proxy for germination stimulant production. The experiment was arranged in an RCBD and replicated five times. In the first experiment, data was collected on; the number of days to first Alectra emergence, Alectra shoot counts at 6, 8, 10, and 12 weeks after planting (WAP), Alectra attachment at 5 and 12 WAP, Alectra biomass at 12 WAP, cowpea biomass parameters at 5 and 12 WAP, yield and yield components per pot. While in the second experiment, number of germinated Alectra seeds per Petri dishes was recorded.
Introduction
The widespread incidence of Alectra vogelii (Benth) on cowpea (Vigna unguiculata (L.) Walp) presents severe challenges on smallholder farmers with a record of yield reduction up to 100% [1] . However, resistance genotypes to Alectra vogelii are the most practical method as herbicide alternatives are costly [2] . Nevertheless, cultural control practices' benefits are long term solutions.
Host plant resistance [3] controls seed bank levels in the soil as few or no growth is allowed. Reference [4] reported that cowpea resistance against Alectra vogelii is not easy to assess in a field due to a number of cofactors such as parasite variability, unpredictable environmental influences and imprecise selection criteria. However, resistance in cowpea on Striga gesnerioides has been assessed through the comparison of number and size of S. gesnerioides tubercles on accessions with notable reaction to the parasitic weed [5] . Two cowpea landraces, APL-1 and 87-2, showed absolute resistance to Striga strains sourced from Burkina Faso, Mali and Cameroon and partly Niger [5] .
Reference [6] [7] reported that resistance mechanisms of cowpeas on Alectra vogelii can be easily studied on germination in relation to the levels of exudates produced by the crop. At germination, genotype of cowpeas has shown to support few or no Alectra shoots as there is low production of Alectrol or Strigolatone which is a prerequisite to germination of Alectra vogelii in a field [8] [9] .
Reference [10] exploits that, low production of germination stimulants is an effective mechanism of resistance in sorghum material bred for Striga resistance with marginal consideration on Orobanchaceae in legumes [11] . However, [12] turns the coin, as it was discovered on a wide range of legumes.
Alectra vogelii cycle before ground emergence comprised of germination, haustorial induction, attachments to the host roots which allowed penetration of the host vascular cells [13] [14] . Each stage is critical for the successful development of the parasitic weed in different host plants [3] [15] [16] . However, A. vogelii seeds germinate only when they sense the presence of chemical com- pound produced by the host plant roots [6] . Furthermore, A. vogelii in a greenhouse study was observed to undergo all the stages of establishment and failure seed production later. This correlated to reduction of the seed banks (Bokosi, personal communication, 2016) . The study of Alectra vogelii growth "in-vitro" using parasitized hosts, shed more light on the underlying mechanisms of resistance to A. vogelii at different root development stages. In Malawi, Mkanakaufiti and IT82E-16 cowpea varieties have been released as resistant and tolerant to Alectra vogelii respectively [17] (Bokosi, personal communication, 2017). However, genotype B301 indicated that one dominant gene is responsible for resistance in Striga, whilst in Alectra, two genes are responsible for resistance in the genotypes [2] which is an indicator of variable resistance mechanism on the genotypes. In the present study, an in vitro system was used to evaluate a number of cowpea germplasm for their sources of resistance to A. vogelii and a further study was done on pot screening trial on the same cowpea genotype in order to confirm the results.
Materials and Methods

Cowpea Germplasm
Germplasm used in the study have a number of attributes and reactions to abiotic and biotic factors in the environment (Table 1) . The genotypes were sourced from Crop and Soil Sciences Student Research Farm.
Pot Screening Study
Alectra-host interaction study was conducted in a well-ventilated plastic green house during the hot dry season (from October 2017 for 90 days) at Crop and Soil Sciences Student Research Farm. The site is located at 14˚35'S, 33˚50'E, with the elevation of 1200 metres above sea level, Lilongwe, Malawi. Dried and mature capsule Alectra plant were sampled from groundnut fields in Kalumba located 
Experimental Set-Up
There were sixty four (64) plastic pots with a uniform diameter of 18 and depth of 17 centimetres. The pots were filled with sandy loamy soil sourced from Bunda forest. Approximately, 0.015 g seeds of Alectra were inoculated on the four pots, after mixing with fine sandy and coarse sandy soil in the ratio of 1:2 respectively [19] . However, the other four pots were set as a control. Three seeds from the four cowpea genotype were planted per pot and thinned to two, 1 week after planting (WAP) representing an experimental unit. Irrigation was done on daily basis in regard to the water need of each crop and it was done up until the legumes reached their physiological maturity. All weeds, except A. vogelii were manually uprooted throughout the growing period. At 5 and 12 WAP, four reps were sampled. Their plant samples were uprooted gently using a hand trowel and then roots were thoroughly washed with tap water. Root and shoot fresh weights of samples per pots were taken and later on, the samples were oven dried for 48 hours at 70˚C. The crops were planted on 10 th October, 2017.
Data Collection
Data was collected on the number of days to first Alectra emergence, periodic number of Alectra shoots emerged per pot at 6, 8, 10, and 12 weeks after planting (WAP), Alectra biomass per pot at 12 WAP, number of Alectra attachment at 5 and 12 WAP. Cowpea growth parameters were the number of days to first cowpea flowering, fresh and dry root, shoot weight (g), shoot to root ratio at 5 WAP and at harvest. Yield parameters included grain yield (g), pod weights (g), number of pods, seed weight (10 or 100 seed size) (g), shelling percent and harvest index. 10 seed size per pot was considered as the maximum number due to low yield on Alectra infested pots. However, a combined 100 seed size was recorded after combination of all replication per variety. Due to the nature of the experiment, soil analyses were not arranged.
In Vitro Study
A modified root cut assay technique adopted from [20] was utilized where four selected cowpea genotypes roots media were used.
Growing of Cowpea Cultivar Seedlings
There were twenty plastic pots with a uniform diameter of 22 cm and depth of 
Sterilization and Conditioning of Alectra Seeds
Alectra seeds were surface disinfected with an aqueous 1% NaOCL (Sodium hypochlorite) solution for about a minute. Then after, ten Petri dishes were lined with two Whatman No. 1 filter papers and moistened with 5 ml of distilled water. Then after, 0.05 g of A. vogelii seeds were placed on the filter papers. The Petri dishes were sealed with parasitic wrappers and covered with aluminum foil to prevent water losses and exclude light respectively. The 10 Petri dishes were incubated for 5 days at 33˚C which coincided with 21 and 28 days growth period of the test plants above.
Preparation of Root Cuttings and Inoculation Procedure
20 Petri dishes were lined with two layers of Whatman No. 1 filter paper moistened with 5.0 ml of distilled water. Roots from the four cowpea varieties were cut into small pieces and crashed using a knife. 1.0 g of root pieces from each cowpea variety was weighed and placed into the central aluminum foil ring where the precondition, A. vogelii seeds were placed. Then after, 2 to 3 drops of sterile distilled water were added on the roots media in order to facilitate diffusion of the root exudates across the filter paper. Thereafter, the Petri dishes were sealed with plastic wrappers and coated with aluminum foil followed by, incubation at 30˚C for five days.
The experimental factor was cowpea varieties (CV); Mkanakaufiti, IT99K-7-21-2-2XIT82E-16 Sudan I, and IT82E-16. Both grown cowpea genotypes and Petri dishes were arranged in a Randomized complete block design and replicated five times. The crops were planted on 27 th December, 2017.
Germination on each Petric dish was checked on the 5 th day of incubation.
Germinated Alectra vogelii seeds from each Petri dish were counted with the aid of low power (×20) dissecting microscope.
Statistical Analysis
GenStat® 15 edition was used to perform analyses of variance (ANOVA). The difference between means of significant variables was separated using a least significant difference (LSD) at 5% and 10% level. Analysis on number of Alectra shoots, Alectra attachments; cowpea biomass parameters (g), and Alectra bio- and indicated no Alectra vogelii. 100 seed size means were generated after combination of samples per treatment combination as grain yields were low due to Alectra infestation.
Results
Pot Screening Study Results
Number of Days to First Alectra Emergence and Alectra Attachments
Significant difference on the number of days to first Alectra emergence between cowpea varieties at 5 and 12 WAP was observed ( 
Cowpea Biomass Parameters
The result has revealed that inoculation protocol x cowpea varieties interaction effect did not significantly affect root biomass (g), shoot biomass (g), shoot to root ratio either fresh or dry at 5 WAP (Table 3 ). Fresh and dry root, biomass at 5WAP were significantly different on the inoculation protocol and cowpea varieties.
However, high root biomass was observed on Alectra infested cowpea varieties. On the contrary, both fresh and dry shoot biomass were not significant at 5 WAP on the inoculation protocol. Shoot to root ratios showed a significant difference on the inoculation protocol. On the other hand, fresh and dry root biomass at 5 WAP were significantly (p = 0.05, p = 0.01) affected by variety effect. However, no significant difference was observed on fresh and dry shoot biomass, shoot to root ratio between the cowpea varieties. Interestingly, low shoot to root ratio was observed on inoculated pots as compared to non-inoculated.
Cowpea Biomass Parameters at 12 WAP
Inoculation protocol by x cowpea varieties interaction was significant on fresh shoot biomass (Table 4) . However, the inoculation protocol x cowpea varieties did not significantly affect fresh root weight, dry root weight, dry shoot weight, fresh and dry shoot to root ratio (Table 5) . Similarly, all the cowpea biomass parameters were not significantly affected by inoculation protocols. Fresh root weight, dry root weight, dry shoot weight and dry shoot to root ratio were not significantly affected by variety effect. Nevertheless, fresh shoot, dry shoot biomass and fresh shoot to root ratio were significantly affected by cowpea varieties. Interestingly, Mkanakaufiti was observed with higher biomass.
Weekly Alectra Shoot Counts on the Four Cowpea Varieties
Alectra counts at all sampling times was significantly affected by the cowpea varieties. Sudan 1 and IT82E-16 were observed in supporting a higher number of Alectra shoots from 6 WAP ( Table 6) . On the contrary, Mkanakaufiti was observed with no Alectra shoot during the entire growing period. There was an increase in the number of Alectra shoots on the different genotypes used with time. However, from 10 WAP up to 12 WAP Alectra shoot counts were dropping.
Cowpea Flowering Parameters
There was no significant interaction between inoculation protocol by cowpea varieties on the number of days to first flowering (NDFF), 50% and 100% flowering (Table 7) . NDFF was significantly affected by cowpea varieties with IT99K-7-21-2-2XIT82E-16 as earlier in flowering while Mkanakaufiti flowered late. However, NDFF on inoculation protocol was not significant. Number of days to 50% and 100% flowering was insignificant on the inoculation protocol.
Nevertheless, number of days to 50% and 100% flowering was different between the cowpea varieties.
Cowpea Yield and Yield Components
The results revealed that inoculation protocol x cowpea varieties interaction effect did not significantly affect number of pods, pod weight (g), grain weight (g), seed weight (10 seed size) (g), shelling percent and harvest index per pot ( Table   8) . Number of pods, yield (g) and harvest index per pot were significantly affected by inoculation protocols. However, pod weight (g), 10 seed size (g) and shelling index was not significant on the inoculation protocol. On the other hand, number of pods, pod weight (g), grain weight (g) and harvest index per pot registered higher output on non-inoculated cowpea genotypes. On variety difference a similar significant trend was observed on number of pods, pod weight (g), yield (g) per pot on their reaction to Alectra infestation or not. Seed weight (g) was significant on between the cowpea varieties with IT99K-7-21-2-2XIT82E-16
and IT82E-16 registering higher seed size whilst Sudan 1 was the least. However, shelling index was not significant on the cowpea varieties. Mkanakaufiti, IT99K-7-21-2-2XIT82E-16 and IT82E-16 were significantly different to Sudan 1 on the harvest index parameter. Even though, harvest index was drastically reduced by Alectra infestation on Sudan 1 as compared to other genotypes used.
Alectra Biomass at Harvest per Pot
No significant difference was observed on both fresh and dry Alectra biomass at
12 WAP between the cowpea varieties. However, no Alectra weight was observed on Mkanakaufiti whilst Sudan 1 registered higher amount (Table 9 ).
In Vitro Study Results
Germinated Alectra Seed per Petri Dishes
Alectra shoot counts per Petri dish were significantly different between the cowpea varieties root media prepared at 3 and 4 WAP (Table 10 ). Only, 3 WAP Mkanakaufiti root media failed to support Alectra seed germination. However, at 4 WAP root media shown germinated Alectra seeds, developing mycelia and attachment tubes on all the cowpea varieties.
Discussion
Number of days to first Alectra emergence between the cowpea varieties was significant at 5 and 12 WAP. Earlier infestation of Alectra vogelii on IT82E-16 at 5WAP and Sudan 1 at 12 WAP could be probably due to the level of exudates produced by the different host crops, suggesting that the cultivars are highly susceptible [24] [25]. Reference [25] reported that early emergence of Alectra vogelii could probably result in 100% yield reduction on the host crops. The absence of Alectra vogelii in Mkanakaufiti in all sampling times indicated host incompatibility of the variety on the parasitic weed. Number of Alectra attachments at 5 and 12 WAP sampling time was significantly different between the cowpea varieties which corresponded to the number of day to first Alectra emergence. This could be due to host specificity and susceptibility levels which corresponded to the level of exudates and the level of photo-assimilates produced by the host crops. Reference [26] reported that few or no Alectra shoots on cowpea varieties could be attributed to very limited food reserves on Alectra seeds such that they only survive for a few days after their germination, unless, they reach host root and xylem [15] . This is why, few or no attachments on IT99K-7-21-2-2XIT82E-16 and Mkanakaufiti was not a surprise. The behavior mirrored resistance mechanisms on the two cultivars while the other two happened to support higher number of Alectra attachment which could be attributed to the level of root exudates produced by the host crops and corresponded to the high demands of photo assimilates in supporting the shoots [27] . Reference [28] reported that non-emergence of Alectra in resistant genotype confirms the characterization of variety as resistant to the parasitic weed which was revealed on Mkanakaufiti.
Alectra vogelii counts at all sampling times indicated a significant difference between the cowpea varieties. This indicated the level of susceptibility and host specificity. However, Mkanakaufiti was observed with no Alectra shoots which agrees with its resistance ability in hotspot areas [17] . Even though, all susceptible cowpea varieties were found with Alectra shoots at 6 WAP. Higher Alectra shoot counts were observed on Sudan 1 which corresponded to the suitability of the host [29] . Probably, this could be attributed to the level of root exudates produced by the host plant [26] . There was an increase in the number of A. vogelii shoot counts overtime on the susceptible cowpea varieties which indicated resource availability from the host crops. However, a drop in Alectra shoot counts in the late stages on the host crops was noted which revealed that susceptible cultivars tend to support few Alectra shoots as photo-assimilates decreases [28] . This is one of the means of reducing Alectra seed banks in the soil. IT99K-7-21-2-2XIT82E-16 was observed to support few Alectra shoot counts which reflected resistance ability, as it is considered resistant to the parasitic weed. This agreed to one of the McKnight trial results at Mitundu (Bokosi, personal communication, 2017). The mechanisms of resistance in the study could probably be reflected by no and few Alectra infestation on Mkanakaufiti and IT99K-7-21-2-2XIT82E-16 cowpea variety respectively.
Surprisingly, NDFF, number of days to 50% and 100% flowering were not significantly affected by inoculation protocol. On the other hand, it was assumed that infested pots could probably be observed in delayed flowering parameters.
The results corresponded to [24] where no effect on flowering was observed on were early maturing cultivars [18] . IT99K-7-21-2-2XIT82E-16 was earlier in flowering as it supported fewer Alectra shoots which probably reflected no delay in flowering in the study. Inoculation protocol by x cowpea varieties interaction was not significant on the number of pods, pod weight (g), grain yield (g), 10 seed size (g), shelling percent and harvest index per pot which indicated no correlation on the two factors together. However, number of pods, grain yield (g) and harvest index per pot were significantly affected by inoculation protocol. This indicated that Alectra shoots probably reduced yield as infested pots registered low yield which agreed with 100% reduction of yield in Botswana, observed on the susceptible variety [30] [31] [32] . However, shelling percent, 10 (100) seed size (g) was higher on inoculated pots which indicated that attributes were associated with variety genetics not Alectra infestation. The higher shelling percentage on inoculated corresponded to [22] findings. The number of pods, pod weights (g), grain yield (g) per pot was significantly different between the cowpea varieties. This correlated to [24] results where infested cowpea genotype registered low output. Furthermore, any attachment of the parasitic weed to the host plant increases sink demands in the roots thereby, diminishing carbon transfer to the shoot biomass demands which led to yield reduction [27] . This was why, higher yield was observed on a resistant released cowpea variety called Mkanakaufiti. However, significant higher yield was noted on IT82E-16 as it had tolerance ability to Alectra vogelii infestations [33] [34] [35] . Durable and sustainable tolerance of Alectra vogelii by host crops probably could be attributed to multiple genes which control various components of resistance [25] which was reflected by a released IT82E-16 cowpea variety in the study. Interestingly, IT99K-7-21-2-2XIT82E-16 was observed with low grain yield though supporting few Alectra shoots during the entire growing period. This indicated that resistance attribute had a trade off on grain yield though led to low Alectra seed banks in the soils. Reference [28] reported that genotypes which supported higher emerged Alectra shoots and heavy infestations probably recorded low yield and yield parameters of the crop. 10 seed size (g) was significantly differently affected by cowpea varieties which could be attributed to varietal genetics. Harvest index parameter was significant between the cowpea varieties. The results are in agreement with [22] where harvest index reduction was observed in Vuli I, Tumaini and IT 03K-378-4 due to Alectra infestation but not in the other three genotypes.
Significant interaction between inoculation protocols by x cowpea varieties on fresh shoot biomass was observed at 12 WAP. This could be attributed to the difference in reaction of the four cowpea varieties on the parasitic weed. However, fresh and dry root biomass at 5 WAP was significantly different on the inoculation protocol. This could be due to the presence of Alectra shoots on the susceptible cowpea varieties. This is in agreement as it was assumed that more
growth resources were shunted to the root than the shoots [36] . Both fresh and dry root biomass of cowpea were significantly affected by cowpea varieties which reflected Alectra infestation level as in both cases as Mkanakaufiti was observed with low root biomass. On the contrary, both fresh and dry shoot biomass at 5 and 12 WAP were not significantly affected by variety effect. This suggested that Alectra reaction on the four varieties did not affect the shoot biomass. A. vogelii infected cowpeas had significantly (p < 0.001) higher fresh shoot to root ratio compared to uninfected plants at 5 WAP which correlated to [24] . However, upon oven drying the opposite was observed. A higher shoot to root ratio was observed on non-infested pots which indicated that infestation of Alectra on the four cowpea varieties increased the roots biomass thereby, decreasing the ratio.
On the contrary, fresh shoot, dry shoot biomass and fresh shoot to root ratio were significant on cowpea varieties at 12 WAP due to varietal reactions on A. vogelii. In general, cowpea biomass at 12 WAP were low as compared to 5 WAP probably due to aging of the varieties as they had lost most of their leaves. Reference [25] reported that lower biomass in infested cowpea genotypes was apparently due to intensive Alectra infestation which agreed to the study findings. A higher significant cowpea biomass on Mkanakaufiti variety revealed photo-assimilates full utilization on the crop for growth and development. Even though, Alectra biomass was not significant on the inoculation protocol and variety difference, higher biomass was observed on susceptible varieties with Mkanakaufiti registering no Alectra biomass. This reflected the yield decrease on the susceptible varieties as photo-assimilate sinks changed to the roots in favour of mobilizing to the parasitic weed [28] .
In vitro, Alectra induction to germination was significantly affected by variety factor. This could be due to the biochemistry and specificity of the exudates produced by the varieties. Only Mkanakaufiti failed to support Alectra seed germination on root media harvested from 21 days grown cowpea plants. This could be probably due to Mkanakaufiti age where it was observed to be infested in the late stages of the crop under pot study. It is interesting to note that IT82E-16 supported few number compared to IT99K-7-21-2-2XIT82E-16 resistant genotype. This correlated to pot screening results especially on NDFAE at 12 WAP.
Interestingly, Alectra seed germinated on all the four cowpea root media grown for 28 days which agrees with [26] . This revealed that root exudates of all the four cowpea cultivars induced probably the germination of Alectra seeds in the soil as shown in the Petri dishes. However, susceptible cultivar allows further growth above the ground while resistant cultivar utilized apoptosis, thereby, supporting very few or no Alectra vogelii shoots which was reflected on IT99K-7-21-2-2XIT82E-16 and Mkanakaufiti in a pot screening trial (Kabambe, personal communication, 2017) . The mechanisms of resistance could not be related to the exudates produced but what stops further growth of Alectra shoots on the Mkanakaufiti cowpea variety is worthy exploring. Even though, both
Conclusion
In the study, resistance mechanism was observed on Mkanakaufiti with no Alectra shoots during the entire growing period of the crop. However, IT99K-7-21-2-2XIT82E-16 supported few Alectra shoots which dropped in the late stages of growth. Furthermore, death of Alectra shoot on susceptible genotypes and late infestation were the signs of resistance. Yield output was higher on the two cultivars as compared to the two susceptible cultivars but IT82E-16 supported high number of Alectra shoots but produced reasonable yield than Sudan 1. Age of Mkanakaufiti root media affects Alectra seed germination which corresponded to juvenile resistance. However, other genotypes used induced Alectra germination at all times of sampling. This revealed that in the field, the host crops have mechanisms that stop a further growth of the parasitic weed and it's worth exploring. Still, Mkanakaufiti and IT99K-7-21-2-2XIT82E-16 are suitable varieties for production in Malawi as the inoculum in the soil banks will decrease, thereby, decreasing the level of infestations on other suitable hosts.
